ABSTRACT Hematophagus arthropod bloodmeals may be useful in identifying individual hosts. To examine the application of human lice as a forensic tool, that is, as evidence of physical contact between individuals, body lice from a laboratory colony and head lice, collected from the head of infested children, were studied. The DNA proÞle of an individual was detectable in the pooled bloodmeals of two body lice, up to 20 h postfeeding. A mixed DNA proÞle of two hosts was identiÞable in the pooled bloodmeals of three lice, for 3 h postfeeding. By pooling the bloodmeals of three adult and three nymphal head lice, a mixed DNA proÞle was obtained. These results indicate that, in criminal cases where there has been close contact between assailant and victim, louse bloodmeals should not be overlooked as potentially critical evidence.
IDENTIFICATION OF INDIVIDUAL hosts through bloodmeals has been documented in a number of hematophagous arthropods. Molecular genetic markers have been used mainly to characterize bloodmeals of mosquitoes and, to a lesser degree, those of blackßies, tsetse ßies, and hard ticks (Mukabana et al. 2002) . With respect to human lice, Replogle et al. (1994) attempted to extract human DNA from engorged adult pubic lice, Pthirus pubis (L.), and their excrements. Although unable to polymerase chain reaction (PCR) amplify DNA from pooled samples of seven and 17 pubic lice, a DNA proÞle was obtained from louse excreta. Lord et al. (1998) succeeded in amplifying mitochondrial DNA from pubic lice fed on human volunteers.
The aim of this study was to examine the possibility of using head and body lice as evidence of physical contact between two individuals regarding the detection time of DNA, postfeeding, in mixed bloodmeals.
Materials and Methods
Body Lice. A strain of human body lice, Pediculus humanus humanus L., obtained from a colony at the London School of Tropical Medicine and Hygiene (courtesy of Dr. J. W. Mauder), has been maintained in our laboratory since 1984, according to Cole (1966) . For the Þrst set of experiments, 50 female body lice, starved for 48 h, were placed on the arm of a volunteer and fed for 30 min; two lice were frozen at Ϫ70ЊC, at intervals of 2Ð 6 h, for a period of 24 h. For the second set of experiments, the same number of females was placed on the skin of one volunteer for 15 min before being transferred to the arm of a second volunteer for the same period of time. The lice were then frozen immediately after feeding and at intervals of 1, 2, and 3 h postfeeding. Both experiments were conducted in duplicate.
Head Lice. Human head lice, Pediculus humanus capitis DeGeer, were isolated from the head hairs of six infested school age children (6 Ð14 yr old), by using a louse comb (Innomed, Hogil, Puchase, NY) . Six lice, collected from one child, were pooled. From each of the remaining children, two to three lice were isolated and pooled into lots of two to six lice for DNA extraction.
DNA Extraction and Amplification. Frozen lice were crushed in a petri dish by using sterile swabs. DNA was extracted from the swabs by the Chelex (Walsh et al. 1991 ) and phenol/choloform-ethanol precipitation (Comey et al. 1994 ) methods. DNA from buccal swabs, the source of volunteersÕ reference DNA samples, was extracted by the Chelex method.
The extracted genomic DNA was PCR ampliÞed using the Promega STR III (short tandem repeat) Multiplex kit. The D16S539, D7S820, and D13S359 loci were ampliÞed according to the manufacturerÕs procedure (Promega Technical Manual, GenePrintSTR Systems), and the resulting PCR products were separated on a 4% polyacrylamide gel and silver stained (Budowle et al. 1991) .
Human Hemoglobin Detection. The Hexagon OBTI test (Human GmbH, Wiesbaden, Germany) (Hochmeister et al. 1999 ) was used to detect the presence of human hemoglobin in crushed body lice.
Results
Preliminary studies showed that at least two body lice and a minimum of six head lice were necessary to obtain a DNA proÞle of the donors. Human genomic DNA, extracted from two female body lice, was proÞled at the polymorphic D13S317, D7S820, and D16S539 loci (Fig. 1) . At 20 h postfeeding (lane 12), the DNA of the volunteer could still be proÞled. In a repeat experiment (using the same volunteer), the human bloodmeal was identiÞable up to 17 h after feeding.
A mixed DNA proÞle from two hosts, sequentially fed on by body lice, is shown in Fig. 2 . The lice were fed on each host for a period of 15 min. The DNA proÞle of the Þrst host can be seen in lanes 14 and 15, whereas the DNA proÞle of the second host is in lane 17. A mixed DNA proÞle of the hosts was observed for up to 3 h postfeeding (lane 12). At the D13S317 locus, for example, the Þrst volunteerÕs proÞle is composed of alleles 12, 11, and the second volunteerÕs of alleles 11, 10. A mixture of these two proÞles would be expected to give alleles 12, 11, and 10. This was the result that was observed from the proÞled bloodmeal of body lice, i.e., lanes 3Ð12.
A mixed DNA proÞle was obtained by pooling the bloodmeals of three adult and three nymphal head lice from one host (Fig. 3, lanes 2 and 3) . In two additional experiments, human mixed DNA proÞles were identiÞed in head lice originating from two to three donors.
Using the Hexagon OBTI test, human hemoglobin was detected in all crushed lice samples, up to 24 h. This was beyond the time that genomic DNA could be PCR ampliÞed.
Discussion
In the current study, the DNA proÞle of a volunteer could be found in the pooled bloodmeal of two female body lice 20 h after feeding. Coulson et al. (1990) obtained a similar result from bloodmeals of Anopheles gambiae Giles that were killed 15Ð25 h after feeding on human hosts. Vertebrate host species, including humans, were correctly identiÞed in blackßy Similium damnosum Theobald and tsetse ßy, Glossina palpalis Robineau-Desvoidy, 72 h after blood ingestion (Boakye et al. 1999) .
Although two body lice were sufÞcient to obtain the DNA proÞle of a volunteer, we found that pooling a minimum of six head lice bloodmeals was necessary for obtaining a DNA proÞle. This difference may be attributed to the smaller size of head lice, compared with body lice. Furthermore, head lice usually take four to Þve small bloodmeals a day (Buxton 1950) , whereas body lice from laboratory colonies were fed at 24-to 48-h intervals and adapted to taking large amounts of blood during each feed. Additionally, the metabolism of head lice on human skin is higher than that of body lice, which were maintained at 30 Ð31ЊC in the laboratory.
In an experiment in which DNA was ampliÞed from the pooled bloodmeals of six lice taken from the head of one child, a mixed DNA proÞle was obtained. This result was not surprising, because head lice, especially in children, are known to pass from host to host due to close physical contact. Such a result may complicate DNA mixture interpretation regarding the number or identity of hosts from pooled bloodmeals.
Multiple feedings have been shown to be commonplace among other blood-sucking insects. In one study, 14% of 262 engorged An. gambiae mosquitoes had taken multiple meals (Koella et al. 1998 ). Similarly, 13% of Culex quinquefaciatus Say fed naturally on humans contained blood from at least two individuals (Michael et al. 2001) .
The mixed DNA proÞle of two volunteers could be detected in the pooled bloodmeal of three female body lice for a minimum of 3 h. Experiments using multiple host bloodmeals beyond 3 h need to be carried out to determine the maximum time of detection of the DNA proÞles. Replogle et al. (1994) were unable to show that seven pooled and 17 pooled pubic lice contained nuclear DNA. However, Lord et al. (1998) succeeded in sequencing human mitochondrial DNA from a single pubic louse specimen, as well as in pools of three lice. Two factors were probably responsible for the latter results. First, mitochondrial DNA is far more abundant in blood than nuclear DNA. Second, Lord et al. (1998) extracted DNA organically, whereas Replogle et al. (1994) used the Chelex method.
In our experiments, we found a notable difference between the organic and Chelex DNA extraction methods. The DNA ampliÞcation by PCR was more successful when using organic DNA extraction, as opposed to Chelex DNA extraction. This may be due to the more efÞcient removal of PCR inhibitors from the louse/bloodmeal mixture by the former method. Moreover, we found that crushing lice was essential to obtain a DNA proÞle. Uncrushed lice remained intact in the DNA extraction buffer and could not be PCR ampliÞed.
The use of a test for the detection of human hemoglobin in louse bloodmeals was an important application as a rapid method for determining whether hu- man blood was present in a louseÕs body. However, a correlation between the presence of human hemoglobin and the success of amplifying bloodmeals was not found. This was probably due to the relatively low amount of genomic DNA containing white cells versus enucleated red blood cells. By increasing the sensitivity of the PCR method, smaller quantities of human genomic DNA may be ampliÞable.
The current study demonstrates that, in criminal cases, where there has been close contact between assailant and victim, e.g., rape, murder, and child abuse, Þnding human genomic DNA in both head and body lice may prove to be a critical link. However, further studies are necessary to gain a better understanding of the potential usefulness of lice in forensic entomology.
